Abstract-The effect of methamphetamine, an indirectly acting sympathomimetic amine, on presynaptic adrenergic regulation in isolated rat vas deferens was studied by comparing it with those of tyramine, cocaine and clonidine. These drugs markedly attenuated the twitch response to electrical field stimulation in a concentration-dependent manner. The relative order of potency for the drugs was: clonidine (10-10-3x10-8 M) > methamphetamine (10-8-3x10-6 M) > tyramine (10-7-10-4 M) > cocaine (10-6-3x10-5 M). Only tyramine (3x10-6-10-4 M) elicited a concentration-dependent contractile response, which was abolished by prazosin (10-6 M) and the reserpinization. The twitch inhibitory effect of these drugs was antagonized by yohimbine (10-8-10-6 M). Both the methamphet amine and tyramine-induced twitch inhibition were partially (about 50%) at tenuated by chronic reserpinization (3 mg/kg, s.c., twice) in combination with alpha-methyl-p-tyrosine (200 mg/kg, s.c., twice), while the clonidine-induced inhibition was not affected by this application at all, and the cocaine-induced twitch inhibition was abolished by the reserpinization. Both the clonidine and tyramine-induced twitch inhibition were not affected by pretreatment with cocaine (10-5 M) in combination with estradiol (4x10-5 M), whereas the effect of meth amphetamine was slightly attenuated. These results suggest that methamphet amine as well as tyramine and cocaine indirectly activates presynaptic alpha-2 adrenoceptors via norepinephrine released from adrenergic nerves to inhibit the twitch response.
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Data were analyzed by using Student's t-test. The following drugs were used in this study:
d The transmural nerve stimulation of isolated rat vas deferens caused rapid twitch contractions without changes in the resting tension. The mean value of the twitch response before drug adminis tration was 1.6±0.04 g (n=62). As shown in Fig. 1 , the twitch responses were con centration-dependently inhibited by meth amphetamine, tyramine, clonidine and cocaine. These drugs at any of the concentra tions used, however, did not attenuate the exogenous norepinephrine (5 X 10-6 M) induced contraction (data not shown). In contrast, phenylephrine, a selective alpha-1 adrenoceptor agonist, failed to inhibit the twitch response and rather tended to po tentiate it. On the other hand, only tyramine at doses of more than 3x10-6 M produced a concentration-dependent contractile re sponse, which was abolished by pretreatment of prazosin (10 M), a selective alpha-1 adrenoceptor antagonist, or reserpinization (data not shown). Figure 2 and Table 1 show concentration-response curves and pD2 values for the twitch inhibitory effect of these sympathomimetic drugs used in the present study. The relative order of potency for these drugs at the inhibition of twitch response was: clonidine>methamphetamine >tyramine>cocaine.
The maximal inhibitions (%) by clonidine, methamphetamine, tyra mine and cocaine were 92.94±1. The interaction  between  methamphetamine  and  yohimbine  shows  competitive  an  tagonism since Schild plots gave linear regression in this case. The pA2 value was 8.25 and the slope of the regression line was 0.969. Especially, in the presence of yohim bine (3X10-7 M), cocaine did not inhibit the twitch response and rather potentiated it. On the other hand, pretreatment of prazosin (10-6 M) failed to antagonize the twitch inhibition by these drugs (data not sh(-.wn).
Effect of cocaine on the twitch inhi bition: Cocaine (10-5 M) in combination with estradiol (4X10-5 M), an extraneuronal monoamine uptake blocker, was applied 15 min before addition of methamphetamine, tyramine or clonidine. As shown in Fig. 4 , both the clonidine and tyramine-induced twitch inhibitions were not affected by cocaine treatment. Figure 4 also shows that cocaine caused a significant shift (P<0.05) to the right in the inhibitory response curve to methamphetamine, but it remained parallel to the control curve.
Effect of reserpinization on the twitch inhibition: To deplete the tissue storage of norepinephrine, the rats were chronically treated in combination with reserpine (3 mg/kg, s.c., twice) at 48 hr and 24 hr, and alpha-methyl-p-tyrosine, a tyrosine hydro xylase inhibitor, (200 mg/kg, s.c., twice) at 15 hr and 3 hr prior to the start of the experiment. This treatment has been shown to deplete norepinephrine content in the vas deferens more than 99% (12). In the re serpinized rats, the field stimulation-induced twitch responses of vas deferens were at tenuated approximately to half that of the nontreated preparation. As shown in Fig. 4 , the clonidine-induced twitch inhibition was not altered by the reserpinization.
Both the methamphetamine and tyramine-induced twitch inhibitions, however, were markedly attenuated but not abolished by the reser pinization, and approximately 50% of the maximal twitch inhibitions of the control were still produced by methamphetamine and tyramine.
In these cases, yohimbine (10-6M) was still able to restore the remain ing twitch inhibitions.
In contrast, the cocaine-induced twitch inhibition was abol ished by the reserpinization, similar to yohimbine treatment.
Discussion
In the present studies, methamphetamine caused a potent inhibition of the twitch response to transmural nerve stimulation of the rat vas deferens. This appears likely to be due to an action on presynaptic alpha-2 adrenoceptors, since the effect of meth amphetamine is 1) mimicked by clonidine but not phenylephrine, 2) competitively antagonized without alteration of the maximal effect by yohimbine but unaffected by prazosin, and 3) methamphetamine did not attenuate the exogenous norepinephrine induced contration.
been reported (19) (20) (21) (22) .
On the other hand, Ambach et al. (11) and Marshall et al. (12) have concluded that the tyramine-induced twitch inhibition in the vas deferens of mouse results from an indirect activation of pre synaptic alpha-2 adrenoceptors, because the inhibition was abolished either by pre treatment with cocaine or by norepinephrine depletion with reserpine. Recently, it has been reported that the twitch response of the rat vas deferens caused by field stimulation could be at least partly mediated by an action upon ""non adrenergic neurons"" (6-8), which is also modulated by inhibitory presynaptic alpha-2 adrenoceptors (9, 10). In the present ex periments, the twitch responses still remained after reserpinization at a level of about 50% that of the non-treated preparation, sug gesting that this remaining twitch response is non-adrenergic in nature. In the experi ments under reserpinization, clonidine, methamphetamine and tyramine but not cocaine still caused the twitch inhibition, although the inhibitory effects of metham phetamine and tyramine were extensively attenuated to approximately 50% that of the control. This twitch inhibition that was observed in the reserpinized preparation is presumably due to a direct action on pre synaptic alpha-2 adrenoceptors, since the inhibitory effect was still effectively restored by yohimbine, and indirect action of meth amphetamine and tyramine mediated by norepinephrine should not be produced under this condition.
If methamphetamine or tyramine has mainly an indirect action and partially a direct one on presynaptic alpha-2 adreno ceptors, the methamphetamine or tyramine-induced twitch inhibition should be attenuated by cocaine treatment to an extent similar to that observed after reser pinization. However, the present experiments showed that the tyramine-induced twitch inhibitory effect was not affected at all by pretreatment with cocaine, and the me thamphetamine-induced one was moderately but significantly attenuated by cocaine. However, an explanation for this discrepancy is that the direct action of methamphetamine and tyramine on the presynaptic alpha-2 adrenoceptors may be intensified by cocaine. The treatment with cocaine probably in hibits an uptake of both drugs into adrenergic nerve endings (23) so that they can more potently bind with the presynaptic receptors under this condition.
It appears that the attenuation of an indirect factor by cocaine is masked by the increased direct action of both drugs. On the other hand, the metham phetamine-induced twitch inhibition was attenuated by cocaine pretreatment as compared with that of tyramine. In this regard, it has been reported that metham phetamine has a potent cocaine-like action, whereas tyramine has small one (2, 16). The cocaine-like action of methamphetamine may be ineffective in the preparation treated with cocaine, where catecholamine reuptake is already maximally blocked by cocaine. These findings indicate that the metham phetamine-induced twitch inhibition may be mediated by a cocaine-like action, tyramine like aci:ion and direct stimulatory action by itself on presynaptic alpha-2 adrenoceptors. 
